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MgO/Cr70Al30 /Fe19Ni81 and ZnO/Cr70Al30 /Fe19Ni81 layered films with different buffer layer
thicknesses were prepared on ~100!Si substrates in order to investigate the relationship among the
exchange-coupling field, the grain size, and the lattice constant of the antiferromagnetic layer. The
exchange-coupling field was found to consist of the intragrain exchange coupling and the intergrain
coupling fields. The former field is inversely proportional to the product of the lattice constant and
the grain size. The latter field is constant and changes its sign in association with the increase of the
buffer layer thickness. @S0021-8979~98!48311-7# © 1998 American Institute of Physics.I. INTRODUCTION
Unidirectional anisotropy induced by the exchange cou-
pling between ferromagnetic and antiferromagnetic layers is
useful for stabilizing ferromagnetic domain structures in
magnetoresistive sensors and spin valve heads. For these ap-
plications, a variety of antiferromagnetic/ferromagnetic bi-
layers such as MnFe/Fe–Ni, NiMn/Fe–Ni, NiO/Fe–Ni, and
CrMnPt/Fe–Ni have been intensively investigated.1–5
Recently we have found that Cr70Al30 alloy is promising
as an antiferromagnetic layer for the exchange-coupled bi-
layer because of its high Ne´el temperature of 900 K,6 high
corrosion resistance, and high electrical resistivity of 1300
mV cm at room temperature. Our previous studies showed
that the exchange-coupling field of Cr70Al30 /Fe19Ni81 bilay-
ers ranges about 100 Oe and is inversely proportional to the
product of the antiferromagnetic grain size and the lattice
constant.7,8
In the present study, MgO ~or ZnO!/Cr70Al30 /Fe19Ni81
layered films with different buffer layer thicknesses were
prepared to alter the crystallographic states in the antiferro-
magnetic layer such as the grain size and the lattice constant.
The effects of the crystallographic states on the exchange-
coupling field are discussed in terms of the intergrain cou-
pling.
II. EXPERIMENT
MgO ~or ZnO!/Cr70Al30 /Fe19Ni81 layered films were de-
posited on ~100!Si substrates by a magnetron sputter deposi-
tion method. The MgO or ZnO buffer layer was first depos-
ited with a rf power of 200 W, and then Cr70Al30 /Fe19Ni81
bilayers were deposited with a dc power of 30 W. The MgO7210021-8979/98/83(11)/7213/3/$15.00
Downloaded 25 Mar 2010 to 130.34.135.83. Redistribution subject tobuffer layer thickness was varied from 0 to 1000 Å, while the
ZnO buffer layer thickness was varied from 0 to 500 Å. The
base pressure before the deposition was 431027 Torr. Ar-
gon pressure during the deposition was 431023 Torr for the
buffer layers and the following bilayers. A magnetic field of
300 Oe was applied during the deposition. No postannealing
was carried out.
Magnetization measurements were performed by a vi-
brating sample magnetometer ~VSM!. The exchange-
coupling field Hex was defined as the shift of the hysteresis
loop along the applied field axis. The crystal structure, the
grain size, and the lattice constant were examined by x-ray
~Cu Ka! diffractometry.
III. RESULTS AND DISCUSSION
The exchange-coupling field Hex appears when the
Cr70Al30 layer thickness reaches about 300 Å. This critical
thickness is much thicker than that for MnFe (;50 Å),3
suggesting that the magnetocrystalline anisotropy of the
Cr70Al30 layer is relatively small, and the Cr70Al30 layer can-
not sustain a single antiferromagnetic domain structure. The
exchange-coupling field Hex is thus considered to appear
when the antiferromagnetic layer is thick enough to accom-
modate an antiferromagnetic domain wall parallel to the film
surface. In other words, the antiferromagnetic/ferromagnetic
interfacial exchange coupling energy arises from the forma-
tion of the antiferromagnetic domain wall. Therefore we
fixed the antiferromagnetic Cr70Al30 layer thickness at 1000
Å, and varied the MgO or ZnO buffer layer thickness in
order to change the grain size and the lattice constant of the
Cr70Al30 layer. The x-ray diffraction analyses show that the3 © 1998 American Institute of Physics
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tial orientation is obtained for all the thicknesses of the
buffer layers.
Figures 1~a! and 1~b! show the grain size D and the
lattice constant a of the antiferromagnetic Cr70Al30 layer as a
function of buffer layer thickness tbuffer . The grain size D
was evaluated by Scherrer’s equation. For both MgO and
ZnO buffer layers, the values of D sharply increase with
tbuffer and are almost saturated at around tbuffer'100 Å. In
the case of the MgO buffer layer, the value of D again in-
creases gradually above tbuffer'500 Å. On the other hand,
the values of a for both MgO and ZnO buffer layers seem
saturated above tbuffer'100 Å, indicating that the lattice
strain at the interface between the buffer layer and the
Cr70Al30 layer is released with increasing tbuffer .
These variations clearly reflect on the exchange-coupling
field Hex and the coercive field Hc as shown in Figs. 2~a! and
2~b!. The variations of Hex and Hc are quite similar. For the
films with the MgO buffer layer, both Hex and Hc decrease
remarkably up to tbuffer'100 Å followed by gradual increase
FIG. 1. ~a! The grain size D and ~b! the lattice constant a as a function of
buffer layer thickness tbuffer for the antiferromagnetic Cr70Al30 layer in MgO
~d! @or ZnO ~s!#/Cr70Al30 /Fe19Ni81 layered films.
FIG. 2. ~a! The exchange-coupling field Hex and ~b! the coercive field Hc as
a function of buffer layer thickness tbuffer for MgO ~d! @or ZnO ~s!#/
Cr70Al30 /Fe19Ni81 layered films.Downloaded 25 Mar 2010 to 130.34.135.83. Redistribution subject toat around tbuffer'500 Å. For the ZnO buffer layer, no
gradual increase at tbuffer'500 Å was observed.
In our previous study,8 we have shown that the
exchange-coupling field is given by the sum of the intrinsic
intragrain exchange-coupling field Hex
in and the extrinsic in-
tergrain coupling field Hg . Since the Cr70Al30 layer is poly-
crystalline solid solution, the random field approximation9
was applied to evaluate the intrinsic exchange-coupling field
Hex
in from the microscopic exchange energy at the interface
Ji . Taking the grain size D as a characteristic length of the
exchange-coupling area, the effective exchange-coupling en-
ergy Jeff is given by Jeff5fiJi /AN5 f iaJi /D , where N is the
number of exchange coupled spin pairs at the interface plane,
f i is the structural parameter of order unity, and a is the
lattice constant of the antiferromagnetic layer. The intrinsic
exchange-coupling field Hex
in is thus given by Hex
in
5 f iJi /M st faD , where M s is the saturation magnetization of
the ferromagnetic layer and t f is the thickness of the ferro-
magnetic layer. This shows that Hex
in is inversely proportional
to M st faD . On the other hand, the extrinsic intergrain cou-
pling field Hg is caused by the intergrain coupling which
arises from the coupling between the antiferromagnetic
grains through the grain boundaries or the ferromagnetic
layer.
Using the obtained values of D and a , Hex was plotted
against (M st faD)21 in Fig. 3. All the values of Hex are
categorized into two lines with the same inclination which
gives a reasonable magnitude of the microscopic exchange
energy Ji59.3310216 erg. This value is in good agreement
with the exchange energy evaluated from the Ne´el tempera-
ture of Cr70Al30. The value of Hg is negative (22061 Oe)
when the thickness tbuffer is lower than 200 Å, whereas it is
positive (12161 Oe) when the thickness tbuffer is in the
range from 200 to 1000 Å. This behavior is purely originated
from the crystallographic states of the Cr70Al30 layer, be-
cause the same tendencies were observed, regardless of the
kind of buffer layer. As mentioned above, therefore, the ori-
gin of Hg is the intergrain coupling through the antiferro-
FIG. 3. Hex vs (M st faD)21 plot for MgO ~d! @or ZnO ~s!#/Cr70Al30 /
Fe19Ni81 layered films with different buffer layer thickness tbuffer . AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
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layer.
In order to make this point clearer, Cr70Al30 /Fe19Ni81
bilayers with different Fe19Ni81 thicknesses ~t f530, 50, 80,
and 100 Å! were prepared on MgO buffer layers of 1000 or
100 Å. As shown in Fig. 4, the value of Hex varies inversely
proportional to the thickness t f in keeping with the relation-
ship that the exchange-coupling field Hex for the thicker
MgO buffer layer is larger than that for the thinner one by
2Hg . By using the data in Fig. 4, M sHext f vs M st f plot was
then carried out in Fig. 5. Since the relationship between the
intrinsic and extrinsic exchange energies is given by
M sHext f5 f iJi /aD1M sHgt f , the value and sign of Hg can
be determined as slopes from the M sHext f vs M st f plot. It
should be noted that the first intrinsic energy term is constant
FIG. 4. The exchange-coupling field Hex as a function of ferromagnetic
layer thickness t f for MgO/Cr70Al30 /Fe19Ni81 layered films with different
buffer layer thickness tbuffer .
FIG. 5. M sHext f vs M st f plots for MgO~1000 Å!/Cr70Al30~1000 Å!/
Fe19Ni81~50 Å! layered films ~d!, and MgO~100 Å!/Cr70Al30~1000 Å!/
Fe19Ni81~100 Å! layered films ~s!.Downloaded 25 Mar 2010 to 130.34.135.83. Redistribution subject tofor the fixed buffer layer thickness since the antiferromag-
netic grain size and the lattice constant are the same. The
values of f iJi /aD are 1531022 erg/cm2 for tbuffer
51000 Å and 1831023 emu/cm2 for tbuffer5100 Å. Two
linear lines are clearly observed with positive (119 Oe) and
negative (218 Oe) slopes, indicating that the transition from
the negative Hg to the positive Hg occurs with increasing the
antiferromagnetic grain size D . This implies that when the
MgO buffer layer is thin, the antiferromagnetic Cr70Al30
grains weakly couple through the grain boundaries, suppress-
ing the formation of the antiferromagnetic domain wall. On
the contrary, the antiferromagnetic grain growth associated
with the increase of the buffer layer thickness tbuffer leads to
a magnetically separated antiferromagnetic configuration,
encouraging the formation of the antiferromagnetic domain
wall during the magnetization reversal. Although the above
explanation describes the trend of the transition, it is difficult
to explain the origin of the positive Hg . This requires further
study.
In conclusion, the exchange-coupling mechanism of the
MgO ~or ZnO!/Cr70Al30 /Fe19Ni81 layered films with differ-
ent buffer layer thicknesses was investigated in connection
with the crystallographic states in the antiferromagnetic
layer. The grain size and the lattice constant of the Cr70Al30
layer were significantly varied with the thickness of the
buffer layer. The exchange-coupling field was found to con-
sist of the intragrain intrinsic exchange-coupling field and
the intergrain exchange-coupling field. The former is in-
versely proportional to the product of the lattice constant and
the grain size. The latter changes its sign from negative to
positive when the thickness of the buffer layer exceeds
200 Å.
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